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1 THE 
ELEMENTS 


OF | 

Gauging, & 
auging, &c. 
AUGING conſiſts chiefly in the Menſu- 
ration of Squares, Circles, and Ovals, 
the Foundation or Baſis whereof is Ge- 
ometry, and it is very neceſſary that 
he who aims at Gauging ſhould have a competent 
ſhare of Knowledge therein, without which a Man 
may be a good Officer, but can never be a good 
Gauger; for unleſs he have the Reaſons of every 
thing he does, he can never have a true Notion of 
what he is about: Moreover, the reaſonable part 


being well digeſted; has ſnch Weight in it ſelf, 
that nothing can root it out of a Man's Thoughts; 


and upon any occaſion; he is not only able to work 


any Queſtion put to him, mòre readily than with» 
out it, but to diſcourſe the ſame with greater Judg- 
ment than he who wants fo neceſſary an Accom- 
pliſhment. * 
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The Elements 
Of a Geometrical Square. 


Geometrical Square is a Figure produced 
A from the Mulujplication of two right Lines 
one into the other, as if the two right Lines A B 
and A D be multiplied one into the other, thereof 
is made the Quadrangle A B CD. If then A B be 


- five Foot and A D eight, the whole Quadrangle 


Lines in the Diagram. 


ſhall be 40 ſquare Feet, as appearcth by the prick'd 
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Now we ſhall f uppoſe this to | be a Back or Cool- 
er, whoſe longeſt fide is 173.2 Inches, and ſhorteſt 


124.5 Inches, the multiplying of theſe two Num- 


; bers the one into the other, that is to ſay, A B in- 
wo AD, the Product will be the Area in ſuperficial 


Inches and parts. 


Then to find its Content in Ale or Wine Gallons, 


you muſt find the Area in Gallons, that is, how , 


many Gallons it holds upon one Inch deep in Li- 
quor, by dividing the Sum of ſuperficial Inches by 


the number of ſolid Inches contained in an Ale or 


rel. 


In 
++ 


Wine Gallon, viz. 283, or 231, 
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of Gauging. W 
Queſt. What is the Reaſon that the dividing by 
282 0r 231 produces the Area in Ale or Wine 
Gallons ? 45 - 
Anſw. 282 and 231 are the number of Inches 
contained in an Ale or Wine Gallon, according to 
the Statute: There fore when you have found how 
many Inches in Superficie any Cooler contains, and 
knowing that 282 ſquare or ſolid Inches is in a 
Gallon of. Beer or Ale, you are obliged by the com- 
mon Rules of Arithmetick to know how often 282 
1s in the number of Inches found ; which ſhews you 
how many Gallons are contained in the whole num- 
ber of ſuperficial Inches. For 282, the number of 
Inches in a Gallon of Ale, may be compared to 20, 
the number of Shillings in a Pound; for if you have 
3567 Shilliogs, you muſt divide that number by 
20, to know how many Pounds is therein. | 
"Of TRIANGLES cc 
ET a Triangle be right Angled, Oblique, or 
Acute, I ſay, which ſoever of theſe it be, it 
is always equal to the half of a Square or Oblong, 
having two ſides equal to the Bale, and Perpendi- 
cular of the ſame Triangle, as by the following Fi- 


gure will plainly appear. 
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6 The Elemente 


Let A B C be a Triangle, whoſe Baſe A C is 460, 
and Perpendicular E is 370, the Content in ſuperfi- 
cial Inches of this Triangle is 170200, which is 
cqual to the half of A BCD, or FG CA; for if 
the Triangle A F B be 10cooo, BGC will be 
279200, 


Therefore, fince you multiply the one fide of a 
Quadrangle or Square by the other, to find the ſy- 


perficial Content, you are by Reaſon obliged to 


multiply the half of the one fide by the whole of the 
other, to find the ſuperficial Content of a Triangle, 


it being the half of a Quadrangle. 


Ibe demonſtrative Account of this Doctrine is 
grounded upon the 34 and 41. Propoſition of the 
firſt Book of Exclid, In the firſt it is taught and 
demonſtrated, that the Diagonal of a Parallelo- 
gram divides the whole into two equal Triangles, 
and conſequently that the whole Parallelogram is 


equal to two Triangles, contained betwixt the pa- 


rallel ſides and the Diagonal: And this holds not 
only as to Rectangular Squares, but as to all Paral- 
lelograms. 


Beſides in the 41. Propoſition it is demonſtra- 
ted, that a Parallelogram made upon the Baſis of 
a Triangle, and within the ſame Parallels, (that is, 
of the ſame Altitude, of which the Perpendicular 
of the Triangle is the meaſure,) the Parallelogram 
ſhall be twice as big as the Triangle; ſo that here 
it evidently appears, that the Baſe of a Triangle 


being multiplied into the Altitude, the Reſult is a 


Qnadrangle twice the Content of the Triangle 
and conſequently, in order to find the imple Con- 


tent of the Triangle, I mult multiply the Baſe by 
4 the 


; of Gauging. 7 
the half of the Altitude or Perpendicular, or the 
whole perpendicular by the half of the Baſis. 

i I | 


Oneft. Since a Square made of the whole Perpen- 
dicular and the whole Baſe, is twice the Content of 


the Triangle, why do not I multiply the half of the 


perpendicular by the half of the Baſe, and not the 
whole of the one by the half of the other ? 


Anſw. If 1 multiplied only the half of the one by 
the half of the other, inſtead of finding the half 
Content of the Square, which is equal to that of 
the Triangle, I ſhould find but a fourth part of it, 
as by the following Figure appears. 


The Reaſon of this is, becauſe the Proportion 
betwixt two Squares is not the ſame as betwixce two 
Roots: As for Example, tho? 4 be the half of 8, 
yet the Square of the firſt, viz. 16, is but the fourth 
part of the Square of 8, viz.64. In like manner, 
tho? 10 Foot be the half of 20, yet a Superſicie of 10 
Foot ſquare is but the fourth part of another of 20 
Foot ſquare, as ſup- | | 

ſe AD to be twenty A - B 

oot ſquare, take off | 

| 


10 Foot of che Baſe 


and 1o Foot of the Al. F 2 
titnde C F, this ſqu 1] | LY 


red, makes but the _ | 

fourth part of the C — D 

whole ABDC, fo E 

that it is evident, | 5 

that to find out the half of a Square, I muſt mul- 

tiply the whole of one fide by the half of che 
| | other: 
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c ether: 4s for Example, 

| | jj he Parallelogram, deferi- 
l bed upon the whole fide, 
q 


and half of the ſide, makes 
a Quadrangle equal to the 


I © halfof the whole Square 
I | as by the annexed Figure — 
5 — doth appear: From all | 


3 which we may eaſily con- | 
clude, that ſince a Quadrangle made upon the Ba- (| 
ſis and Altitude of a Triangle, is the double of the . 
Triangle, then the ſimple Content of the Triangle 
is repreſented by a Quadrangle, made upon the 
whole Altitude, and half of the Baſe; and Vice Ver- 
ſa, or (which is the ſame thing) multiplying the 
whole Altitude or A e by half the Baſe, © 
and 2 contra,you have the ſuperficial Content of be 
Triangle. „ 


be perfecter Account of this Proportion be- 
twixt a Square and its Root, is only drawn from the 
Doctrine of Proportions, which tho? it be highly 
8 — 4 and ſatis factory in it ſelf, yet our limited 

| evity does not allow us here to inſert. We ſhall 
only take notice, that in the fourth Propoſition of 
the ſecond Book of Euclid, it is demonſtrated, that 
if a Line be divided into any two parts, the Square 211} 
of the whole Line is equal to the two ſeparate | 
ganares of the two parts; and beſides, to two Squares 
more, made of the one ſquared by the other twice; 
and this holds not only of Geometrical Lines, but 
of Arithmetical Numbers. 
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of Gauging. 9 
divided into two parts, 3 and 4, the Square of 3 
is 9, and the Square of 4 is 16, the Sum whereof 
is 25, which is far ſhort of the Square of 7, viz. 
49, ſo that to make it up the one Number muſt be 
multiplied into the other twice, viz. 3 into 4, 
which makes twice 12, or 24, no 24 being added 
to the firſt Square 25, makes up 49. 

Note, That multiplying the Perpendicular into 
the Baſe is the ſame thing as making a Quadrangle 
of the Perpendicular and Baſe. 


Of a Garele. 


| \ wv is chiefly .applied to Cask-Gauging, 
but before 1 apply it I ſhall firſt ſhew you 
why the Content of it is found by the Rule di- 
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10 The Elements 


A Artiſts allow, that the multiplying half the 
Circumference by half the Diameter, produces the 
ſuperficial Content in Inches, but why it does ſo 


is left to the Ingenuous : We ſhall ſuppoſe the Di- 


ameter of this Circle to be 40 Inches, and Circum- 


ference to be 125.6, the half of 40 is 20, and the 


half of 125.6 is 62.8, the Product of theſe two 
multiplied into each other is 1256.0, the Content 
of the Circle. 


Queſt What is the Reaſon you multiply balf 
the Diameter by half the Circumference, and does 
not multiply the whole of the one by the whole of 
the other, to find the ſnperficiat Content? 


Anſw. If you ſhould multiply the whole Cir- 
cumference by the whole Diameter, it would pro- 
duce a Square twice as large as the Circle; for a 
Circle laid down with the extention of the Com- 
paſſes from A to C, as in the following Diagram 
appeareth, will be four times as large as one laid 
down with an extention from B to C, 


Proof 


Wa. — 


2 — — 
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Proof, Suppoſe the Diameter of the Circle 
ABC be 40 Inches, and Circumference 125.6 
Inches, the Product of the half of the one multi- 
plied into the half of the other is 1256.0 Inches, 
which is equal to the Quadrant ACE of the large 
Circle, and is lefs by almoſt , than the Square 
made of the Diameter of ABC. ant 


No ſuppoſe the Semi- diameter of C D FG to 
be 20, the half of the Circumference CF D to be 
62.8, if you lay down an Oblong, whoſe longeſt 
ſide is 62.8, and ſhorteſt ſide 20, the ſquare Inches 
therein will be equal to 12.56.0, the Content of the 
Circle C FDG. 
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62.8 


4 


For the Arch C D F is ſuppoſed to be extended 
as the Line D H, ſo that the parallel Lines I K and 
K H makes up the Oblong; for as H D is equal to 


CF D, fois I K equal to CGD, and ſo is ID to its 


parallel equal. | 


| Now, if I were to meaſure. the Content of this 
Oblong ID HK, (which is ſuppoſed equal to the 


Circle CF DG) the vulgar way to perform it is to 


multiply one of the long ſides by one of the fnorter, 
as IK by LD, but ID is ſuppoſed equal to che Ra- 
dius or Semi- diameter of the Circle, and I K equal 
to the half of the Circumference; ſo that if in the 
Menſuration of Circles we went about to multiply 
the whole Diameter by the whole Circumference, 


it would be as abſurd, as if, in order to find out 


the Content of a Square, we multiplied all the four 
ſides into one another, for what Proportion two 
ſides of a Square have to the whole Square, the ſame 
Proportion have the half of the Circumference, 
and the half of the Diameter to the whole Circle, 


. Queſt, 
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Queſt. What is the Reaſon that you ſquare the 
mean Diameter of à Ciccle, and multiplies the 
Square by 11, and Civides the Product by 14, to 
find the Content? 


Anſw. Becauſe the Proportion between a Circle 
and the Square of its Diameter is as 11 is to 14, 
for there can be no nigher Proportion found (in 
integral Numbers) a Geometrical Square, as LECA, 
whoſe ſides are all equal to the Diameter of the 
Circle AMC N, will be greater than the Circle 
by ALE. Therefore the difference between 2a Square 
and a Circle correſponds to the difference betwixt 


11 and 14. 


The foregoing Demonſtrations are enough, if 
well obſerved, to make a Man able to Gauge any 
Veſſel, for the whole Art of Gauging is grounded 
thereupon ; but I ſhall now proceed to the uſe of 
Circles in Cask Gauging,  - | 


f 


Fas 
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Of Cask Gauging: 


E a Cask be of what form foever, it. muſt be 
reduced into a Cylinder, that is, a Solid, 


whoſe Circumference is equal in all parts; as ſup- 


pole it were 2 Cask in form as the Figure following, 
viz. The Fruſtum of two Cones abutting upon 4 com- 
mon Baſe, 


All. 


X 14 The Elements 


All the way between the Bung and Head is ſup- 
poſed to be nothing but Circles, as if it were ſo 
many points as could be ſet down touching each 
other, which at laſt makes an individual Line; for 
as a point is ſuppoſed indiviſible, a number of 
them touching each other makes an _ Line. | 


Now having the Diameter at A and likewiſe at 
E, take half the Sum, and you have the Diameter 
at C, ſo likewiſe if you have the Diameters at C 
and E, the half of the Sum is the Diameter at D; 
{o that C is certainly the meanDiameter of ABCDE, 
and conſequently the Cask is reduced into a mean 
Circle or Cylinder, the which being ſquared, and 
the Square divided by the proper Diviſor for Ale 
or Wine, you have the Area, or what it holds 


upon one Inch. 


Queſt. Why is 359.105 a proper Diviſor to di- 
vide the Square of a Diameter by, to find the Area 
for Ale ? BY | 


| Anſw. 


15 


Anſw. It is not becauſe it is the Square of the 
Gauge point, as ſome readily anſwer, but betauſe 
it is the number of Area's of Unity found in 282. 
For the Area of Unity or .7853, is the ſuperficial 
or ſquare Content of a Circle, whoſe Diameter is 
1 Inch. Therefore we are to know how many ſuch 
Area's can be found in 282 Inches, being the Cu- 
bical Inches in a Beer Gallon, and we find it to be 
359. 105 times, ſo that 359.105, (or 359 only) 
is proper for a Circle, as 282 is for a Square, for 
if 282 be the number of ſquare Inches in a Gallon, 
359-105 is the number of Circles, whoſe Diameter 
is one Inch, contained in a Gallon of Beer or Ale. 
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Of Gauging the middle Fruſtum 
Fa Spberoid. 


S [ have ſet forth in that of Conoids before 

mentioned, you are to conceive this Cask 

to be ſo many Circles, as indiviſible points may 

ſtand between End and End, but by reaſon that 

from Bung to Head either way is equal, we ſhall 
only ſuppoſe it to be the double of one end. 


Now 


16 The Elements 


Now ſuppoſe your Diameter at A to be 35, the 
Diameter at B muſt be leſs, for according to Euclid, 
Lib. ;. Prop. 13. a leſſer Circle within a greater can 
touch the greater but in one point, therefore you 
are to ſuppoſe the Line A E reduces the Cask to the 
Fruſtums of Conoids, and the Segment AB C DE 
to be found according to the Problems of Geometry 
too large here to inſert, my aim here being only to 
ſhew the Baſis and reaſonable part of Gauging. 


Queſt. What is the Reaſon that the Sum of the 
double Square of the Bung and Square of the Head 
multiplied by the length and divided by 1077. gives 
the Content of the Fruſtum of a Spheroid, as is 
directed by ſeveral Authors ? = 


Anſw. Becauſe the difference between F and G 
is twice as much as between G and A, for if the 
Arch AH be extended, it will reach to K, but if 
the Arch H l be extended it will reach to L, which 
ſhews that the difference between Land F is twice 
as much as that between K G, ſo conſequently you 


mult take two Circles at the Bung, to one at the 
| Head 
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Head to redute it to a Cylinder. but the exacteſt 
way to reduce is and find a Mean ia, t take the 
Diameter at every Inch, and divide the Sum by 
the number of Inches between Head and Bung, and 
the Quotient will be very nigh the mean Diameter, 
but the beſt Artiſt can never reduce it to a Cylin- 
der. CL. CL: *#: x0; 


Queſt. Why do you make uſe gf 1079 for a Di- 
viſor in ſuch a Caſe to find the Content? 


Anſw. It may be eaſily anſwered, Becauſe it i 
triple the Square of the Gauge-point, hut was I to 
receive ſuch'an Anſwer I ſhould not take it as a ſuf- 
ficient Reſolution, but ſhonld demand why. it is 
uſed in ſuch a Caſe, tho? it is the triple Square 
Mere. l oma £00 hi Tat 3 molt 
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No the double Square of the Bung Diameter 
and the Square of the Head Diameter being added 
together, makes the Sum of the Square of three 
Circles, therefore yon are to divide the Sum of 
theſe three Squares by thrice the Square of the 
Gauge-point, for M you wiz to divide that Sum 
by 359, being the pt oper Diviſor for the Square 
of one Circle, it would Quote thrice as much as 
the Cask holds. 9 


* X 


no 5 {BING 
As for Example. We fall ſuppoſe a Cask in 
form before mentioned to have ſuch Dimenſions 


as follows, vid . 


Bung 36.3 S Bung and the Square 


Length 42) Double Square of the 
| 3626.63 
* Head 31.59 of the Head is 


Divide 
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[> Divide this Sum by (1077, and it quotes ſuch a 
Number us when nidlciplied bythe Casks 1 this 
alto I che Case, whereas if yon 


Done! * 359, "wil EE love times the 
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oy, mt multiplied by the Cask 1 
produces 13 1.414 Gallonz, which is the true Con- 
Tent of theiCack Ale Gallons. OTE! n 30912! 
21809 * olg 11 2113 21 71 "O10 He Ii At 53 A 
Now I ſhall divide the tame Number: viz; the 
Sum of double the Square of the Bung Diameter, 
and the Win gle Square of the Heud Diameter, by 
and it Wile bring btorch's Number Which "ill 
LT to the ice che Content of the Cas kx. 
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>The fore epding ; NOR is clear enonghtto the tn 
telligible wl 1 a proper Divifor, and if 
thay! Reaſon beduly conſidered it will be of great 
uſe in Gavging Vell els of other forms. 1 of 


_ Since there is no Proportion, found, between a 
75 and 4 Circle, I cans Tre Aoy Reaſon w. 

e ſhould take it for granted, fuer the Square of 

\ 1 mean ah divided by: 359, fhobld prod uce 

the Are why, we oy He uſe 282 aga Diyi- 

for for Chcclesas well as fol Squares, when the beſt 

Authors allow that the Area of a Circle is found by 

rene eee by balf the e 


ference. k 2. „Muna IQ! 41 : 


Now if you have a Cask whoſe Diameter is AY 
its Circumference muſt be 251.20, the half of theſe 
two being multiplied into each other, and divided 
by 282, will produce 17.8 Gallons, for by the Rule 

of Proportion, as 1 is to the product of the half of 
the Diameter, and half of the Circumference, mul- 
: tified into each other, ſo is 282 to the Area of 
the Cask in Ale Gallons. 


Example. 
"7 X 3 ; eng 282 074 


I am of Opinion there may be a more exact way 
found to meaſure curved Lines than any now uſed, 
if the Angle of Contact can be found commenIura- 
ble, for then it might be caſie to find a ſtraight 
_ Line equal to a curved Line, and by conſequence a 


5 | 2 Square 
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Squar equal to a Circle, but the Apgle of Contact 
ie as Clauius ſays) a Quantity greater than no 
Quantity,, and the leaſt of all Quantities, there 
may be an allowance made for it, according to the 
length of the Cask. More of this another time. 


I J ſhall conclude this fmall Work, hoping that 
"whoever pernſes it, and after Conſideration, ſhall 
alledge it erroneous, he will be ſo generous, as not 
to ſay, Jt i falſe, becauſe it is ſo, uſing the Wo- 
mans Reaſon, but demanſtratively prove ix fo by 
"Geometry , and after a reaſonable Confutation, 
T ſhall not only own my ſelf obliged to him, but for 
the future ſhall pray his Approbation to whatever 
do in that nature. Ss Farewel. 01a banks 
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